Abstract: Researchers and educators have considered synchronicity as a less desirable mode of communication than a-synchronicity in learning tasks involving discussions. This is because synchronicity does not easily allow students to take into consideration collaborative scripts in the heat of discussions. Also, moderation by teachers of synchronous discussions has been considered as extremely challenging so far. We describe here a study in which we trained students-teachers to moderate synchronous discussions and asked them to moderate discussions in two different ways of guidance, social and argumentation guidance. We show that moderation of synchronous discussions is feasible as effects of moderation on argumentative, social and interactive aspects of the discussion reflect the kind of guidance suggested. Also we show differences between girls and boys in the way they participate in synchronous discussions and respond to the moderator's suggestions.
Fischer, & Mandl, 2005; Weinberger, Stegmann, & Fischer, 2005) have studied how collaborative computer-supported script components may facilitate argumentative knowledge construction. They first defined problem-based scenarios for facilitating argumentative knowledge construction to differentiate between epistemic, argument, and social modes dimensions of co-construction (Weinberger & Fischer, 2006) . University students were organized in three groups of triads, each group being prompted with epistemic, argumentative and social script components respectively during the solution of a problem. All computer-supported script components substantially reduced off-topic discourse, hence helped focusing on the task and facilitated the specific processes of argumentative knowledge construction. All script components seemed to have the general effect of focusing learners on the script components guide and inform learners of what to do next to solve the task in one way or another. The epistemic script components helped learners constructing arguments that contribute to solving problem cases, but the individual benefits from this support were found dubious. Weinberger et al justified this finding by suggesting that epistemic script components may enable learners to solve the tasks with a limited elaboration from their own side. Also, they judiciously claimed that advanced learners may already possess functional strategies for solving a task and additional epistemic scripting might simply distract learners from the actual task. The argumentative script component was able to support argumentative knowledge construction in both the formal argumentation process dimension during discourse and individual knowledge acquisition. Argumentative script components functioned as thinking tools to amplify elaboration, but failed to prompt learners to use the relevant knowledge concepts that are to be learned. Social script components were the more productive. They supported learners in inquiring about the contributions of the learning partners more critically and thereby helped them acquire more knowledge individually than learners without additional support in the dimension of social modes of co-construction. They were found as superior to the other scripts concerning knowledge acquisition.
The contribution of the studies done by Weinberger and colleagues are landmarks in the recognition of the necessity of guidance in collaborative setting. However, we should reflect on the kind of guidance these studies focused on and whether it fits the scope of the CSCL community. In the scripts described above, instructions were not contingent to previous actions in the discussion but were built-in and impersonal. It is well known that epistemic script components need to be carefully matched with the individual prior knowledge of the participants. Otherwise, an over-scripting effect (Dillenbourg, 2002) may distract learners from the solution of the task. Also, epistemic scripts facilitate tasks and it may be preferable to turn collaborative learning tasks harder instead of simplifying and facilitating the active elaboration of the learning material (Palincsar & Herrenkohl, 1999; Reiser, 2002) . Content-independent argumentative script components may aid elaboration, but hold the danger that learners may not be able to select the appropriate concepts that are supposed to be elaborated. These pitfalls may explain the relatively low effectiveness of the epistemic and argumentative scripts. The social script component of this study was productive: it managed to not only facilitate transactive discourse, but also supported the epistemic activities of learners. However, was this script really social in a sense which is fully acceptable in the CSCL community? According to the social script, students were invariably asked to analyze a text, elaborate their arguments, and to criticize the arguments of their peers. Such a view of social script sees the other as the receptacle of an argument to be analyzed and criticized, nothing dialogic, and relational. We intuitively know that although we should be attentive to the contributions of our peers, it is often superfluous, even harming, to criticize when there is no need to do so.
Our aim in the present study is to explore guidance in argumentative knowledge construction in a way which seems to us closer to the scope of the CSCL community. According to a socio-cultural approach largely adopted in the CSCL community, guided participation is effective when guidance is sensitive to the learner's needs and attuned to his/her attention and previous actions (Rogoff, 2003) . Our approach has been to design a tool for collaborative argumentative construction of knowledge. This tool, which is succinctly described later on, enables synchronous argumentation. We then trained teachers to help students in small group collective argumentation and asked them to guide knowledge construction in small group argumentation in two different ways. Like Weinberger and colleagues, students worked on a task in small groups (3-4 students) and were gathered in groups where guidance was designed in a different way. However, the design of guidance consisted in asking teachers to follow different kinds of instruction. The instructions the teachers received had a different status from scripts since the decisions about when to intervene, to whom to direct interventions, and how to intervene was left to teachers in the course of synchronous e-discussions.
Collaborative argumentation with synchronous graphical tools: the case of the Kishurim program
The Kishurim program is an educational initiative developed in Israel to foster argumentation and dialogic thinking in schools since 1998 (Schwarz & de Groot, 2007) . The program includes preand in-service teacher training programs, in order to support teachers in integrating argumentative activities in their classes. The Kishurim program is based on several pedagogical principles, among them: favoring collaborative tasks, non-intrusive procedural mediation, commitment to critical dialogue and civilized, reasoned communication.
We coordinated the development of the DUNES environment in an EC funded project (IST-2001-34153) , which provides a platform for e-discussions in synchronous or a-synchronous mode. The objective in DUNES was to design, implement and test an environment for collective argumentation. In order to motivate students to engage in discussions, we proposed the development of 'cases' (based on 'ill-structured' or 'wicked problems') for which (a) there is no unique expected answer, (b) the ways to progress to an acceptable solution are varied and (c) participants have some informal knowledge. The main technological outcome of DUNES was Digalo (http://zeno8.ais.fraunhofer.de/digalo/index.html), a graphical discussion tool enabling the management of argumentative discussions and the representation of argumentative processes among participants. Group discussions in Digalo consists of co-creating maps built of textual contributions inside geometrical shapes and different arrows (supporting, opposing, and linking) representing different connections between the shapes. The output from this activity is then a collaboratively constructed argumentative diagram (see Figure 1 ). Each discussant works on a personal computer and sees the display on the on-going argumentative map while constructing his/her own contribution. The different geometrical shapes constitute the ontology that specifies and constrains the kinds of argumentative moves discussants choose during their discussions. The tags for the different shapes may be specified by the teacher. In the present study, the array of shapes students could chose from were "idea", "claim", "explanation", "argument", "comment", and "question". Together with the three different types of arrows, this ontology covered various kinds of argumentative moves. Figure 1 shows a part of an ediscussion between four students. In this map, the upper bar displays the pallet of tagged shapes to be chosen from. The lower left window displays the icons of the four discussants that are attached to each shape in the map. Discussants may write the title of their contribution in the title rubric (visible at all times). The content of their contribution is visible when hovering over a shape or by opening a shape by double-clicking on it. The yellow shapes in the map are the interventions of the teacher.
The potential advantages of diagram-based representational tools for peer argumentation have been reported elsewhere (Van Amelsvoort, Andriessen, & Kanselaar, 2007; Schwarz, Neuman, Gil, & Ilya, 2003) . They include among others, the increased ability to clarify relations, to illustrate the structure of argumentation, to promote reflection and to deepen the discussion space. The advantages of and difference uses of diagram-based tools in learning is not the focus of the present study.
However, it is important to specify the way diagram-based tools were used in this study so as to enable proper comparisons with other findings. One way to integrate diagram-based activities in peer argumentation is to have students construct argumentative diagrams (maps) before or during face-toface or chat-based communication (e.g., Van Amelsvoort, 2007) . In these cases, the map presents the underlying structure of an individual or collaborative argument. However, in our study students only communicate through the argumentative map, and therefore, the argumentative map is both the representation as well as the communication mode.
The modes of communication in Digalo are either synchronous or a-synchronous. In spite of the advantages of a-synchronicity for knowledge construction in collaborative argumentation, synchronicity is another fruitful mode of communication, which seems to be even more promising than a-synchronicity. Of course, synchronous CMC suggests, to the contrary, impeding learning: It involves disrupted turn adjacency. Overlap in synchronous CMC can also prove to be problematic: In dyadic communication, users -unable to tell whether their interlocutor is in the process of responding or notmay become impatient and send a second message before a response to the first has been received, resulting in incomplete or interleaved exchange sequences (Condon & Cech, 1996) . In group communication, unrelated messages from other participants often intervene between an initiating message and its response (Murray, 1989) . According to Herring (2001) , these problems are responsible for incoherence, and for topic decay -the fact that discussants rapidly discuss less and less the topic at stake during e-discussions.
Despite these shortcomings of synchronous CMC systems as conversational environments, they are often viewed as more socially desirable than analogous face-to-face interaction or asynchronous communication -in Walther's (1996) term, as 'hyperpersonal' rather than as 'interpersonal' interaction: weakening of coherence between messages induces humorous style. The fact that in contrast with spoken discussions, no norms are prescribed on discussants enables them to participate in parallel discussions and to play. Several researchers studied the contents of CMC messages to show the presence of affective as well as interactive-cognitive expressions (Rourke, Anderson, Archer, & Garrison, 1999) . Rourke and colleagues showed that a-synchronous e-discussions are deeper and more filtered (with less emotional and more cohesive responses) since delay causes more reflection by less social involvement. On the other hand, students enjoy synchronous discussions more. Thus the "attractions" of CMC can be seen as the flip side of the "incoherence" coin -loose inter-turn connectedness and overlapping exchanges have both advantages and disadvantages, depending on the purposes for which users engage in computer-mediated interaction. Users are thought to be able to participate in simultaneous multiple interactions without getting hopelessly lost or confused because there is a typed record to which they can refer to keep track of what is going on.
In spite of the social/collaborative promises of synchronous discussions, research on their impact on learning processes is embryonic. Schwarz and Glassner (2007) studied graphical synchronous Digalo-discussions to suggest their superiority over other modes of communication for knowledge construction for two reasons: First, the use of ontology causes a delay inherent to the action of choosing an appropriate category, and as such invites reflection. Secondly, the tools encourage discussants to be engaged in their discussions. However, the researchers identified frequent cases in which students went astray from the discussion proposed, a fact that suggests the importance of guidance in such synchronous graphical discussions.
Description of the research
Our overall purpose in the present research was to study the impact of different kinds of human guidance on small group synchronous discussions with the Digalo software. We also planned to compare boys and girls in discussion groups with discussants of the same gender concerning the impact of guidance on synchronous discussions. To define the different kinds of guidance, we first undertook a pilot study to observe intuitive guidance in teachers trained to use Digalo and to foster dialogic thinking in students (Gil, Schwarz & Asterhan, 2007) . We showed that teachers adopt various moderation styles in small group synchronous discussions. Some of the styles, such as for example the 'observing' style, expressed the difficulties teachers encounter when moderating synchronous discussions. Other styles, such as the 'authoritative' and the 'involved' styles expressed types of moderation which are not acceptable in the CSCL community (see Gil et al, 2007) . The two remaining styles identified on the other hand, namely the 'orchestrating' and the 'scaffolding' styles, represented reasonable ways to guide synchronous discussions. In the present paper, we use the terms social guidance and argumentation guidance instead of 'orchestrating style' and 'scaffolding style'. The meaning of these types of moderation is clarified later on, when they are used as instructions to teachers before they guide synchronous discussions. We should only say at this point that the meaning of the term "social" in "social guidance" is quite different from the term "social scripts" as employed by Weinberger and colleagues.
Hypotheses: We expect that the effect of human moderation that focus on the scaffolding of reasoning and argumentation will improve the discussion features on measures that assess the argumentative quality of the discussion, but will not necessarily improve the extent of participation and interactivity. In contrast, it is expected that human moderation that focuses on social aspects of the activity will increase rate of participation and extent of interactivity between discussants, but will not improve the overall argumentative quality of the discussion. Concerning comparison between boys and girls, studies in feminist psychology have proposed that girls have a different cognitive style (connected cognition), such that girls are more socialized in problem solving tasks and discussion practices and they tend to take into consideration more of their own personal knowledge (e.g., Miller, 2005) . This means that they are expected to refer more to others and to their own experience in problem solving than boys are. Although it is difficult to separate between feminist ideology and experimental ecology in many of the publications on gender differences, we expected that in our settings all-girl groups would show higher measures of off-task behavior, participation and interaction, compared to all-boys groups. Our hypothesis was fuzzy, though, since sound empirical studies on the comparison between behavioral differences between boys and girls in peer-to-peer e-discussions in educational settings, are few.
Population: 85 Grade 9 students from one school participated in the study (44 male and 41 female). Three teachers participated. The school was chosen by the Ministry of Education as one of the schools in which novel teaching strategies in technology-based environments were promoted. Every teacher who participated could make use of one hour per week for implementing the Kishurim program on dialogic thinking. In the school, many of the courses were learned in same-gender half-classes. The teachers were trained on dialogic thinking and argumentation and to design cases they chose (mainly societal dilemmas). The teachers were also trained to moderate synchronous discussions with Digalo. The teachers were asked to implement the cases they designed in their classes. The training consisted of 8 meetings of 4 hours long each. In the classes, during the weekly hour dedicated to dialogic thinking, students learned about argumentation, about goodness of arguments and discussions were trained to extract arguments from texts and to discuss social dilemmas in small groups. Students experienced very quickly the use of the Digalo tool. After designing and implementing several cases in their classes, the teachers designed three cases for our experiment. We report here on the second case.
Types of guidance: Instructions for two types of guidance were given to moderators. For the argumentative guidance, the instructions were the following: "In this experiment, our goal is to mediate discussions and encourage students to raise counterarguments and multiple perspectives. Please, read the contributions of each of the students and identify one possible opportunity for intervention: (a) one of the claims is not reasoned; (b) no counterargument has been raised; (c) no additional perspectives have been raised; (e) an argument is not clear; (f) a student is idle. We suggest you to choose one of the following prompts for your intervention: (1) Prompts for broadening the discussion space: (i) Are there more alternatives; (ii) Can you say something more about the issue? (iii) Does somebody want to oppose to Moses? (2) Prompts for clarifying messages: (i) What do you mean here? (ii) Could you clarify what you wrote? You are invited to intervene at least 5 times but not to be too much active in order to avoid interrupting the flow of the discussion. If students don't react, please add the following comment outside the chain of reasoning: Boys/Girls, please consider my suggestions!" For the social guidance, the instructions were the following: "In this experiment, our goal is to mediate discussions and encourage students to react to each other. Please, read the contributions of each of the students and identify one possible opportunity for intervention: (a) one of the claims is different from the others; (b) one of the claims is not reasoned; (c) a counterargument has been raised and nobody reacted to it; (d) somebody brought an example which is worth sharing; (e) nobody referred to an interesting reaction; (f) a student is idle. We suggest you to choose one of the following prompts for your intervention: (1) Refer to what Moses says; (2) Does somebody want to react to Moses? (3) Does somebody want to oppose to Moses? (4) Does somebody want to strengthen his view or to ask him question? (5) Give you opinion on what was said. You are invited to intervene at least 5 times but not to be too much active in order to avoid interrupting the flow of the discussion. If students don't react, please add the following comment outside the chain of reasoning: Boys/Girls, please consider my suggestions!" Materials: Each of the three teachers designed one activity based on a dilemma. Each of the three activities included a preliminary stage during which students watched at movies or attended to a presentation, and read texts, and articles from newspapers. After this preliminary stage, the teacher asked a question to be discussed in groups of 3-4 discussants with the Digalo tool. The question was not directly addressed in the preliminary stage. The three activities concerned: (1) sex-segregation in science learning; (2) sex education; and (3) dieting behaviors. We do not describe in detail the materials created for each of the three activities. We list here the materials created for the first activity (separation in learning):
• Three newspapers articles in favor of or against separation between girls and boys in learning • A TV broadcast that presented a simulation of a discussion in a legislative commission about separation between girls and boys in science education • A classroom activity to extract arguments from the three articles After the preliminary stage, students were asked to answer the following question: The Cohen family decided to send their son Ezekiel in a school in which there is a separation in science learning between boys and girls. Do you think that the Cohen family has taken the right decision?
Procedure: The students were organized in groups or three or four students. Since the lessons were given in six half-classes of 12-16 students, four groups of students participated in four discussions in parallel. The groups were formed by the teachers according to social affinity. In each group, one student was asked to organize the map. In each half-class, the teacher moderated one discussion according to her pedagogical style. Two members of the research team moderated one group each according one out of the two kinds of instruction for guidance. One group did not receive any human moderation. As mentioned above, half-classes included students with the same gender. Overall the experiment involved 12 groups of 3-4 boys and 12 groups of 3-4 girls.
Analysis of the data: 18 discussion maps were collected. Also, the preliminary stage of each case was fully recorded and analyzed to identify all ideas that arose during it. Such an operation enabled us to identify text-based and non text-based ideas that emerged during the synchronous Digalo discussions. The answers to the research questions we asked concerned the impact of type of moderation (argumentation script, social script, or without human moderation) on the discussion as a collective product. Consequently the discussion group was the unit of analysis. To analyze the maps we adopted a methodology inspired by Rourke, Anderson, Archer and Garrison (2003) and by Lotan (2006) and by dimensions proposed by Lund (2004) . We focused on the argumentative, the social and the interactive aspects of discussions at three levels of analysis. The micro-level concerns argumentative moves concretized with the Digalo tool as choosing a shape, writing its content and using an arrow to link it to another shape (of course, in this case the discussant undertakes three actions but they merge to one unique argumentative move). The meso-level concerns a chain of argumentative moves linked with arrows. This level helps scrutinizing the interactive aspects of the discussion and the development of arguments. The macro-level concerns the map as a whole. It helps determining general characteristics of discussions. For now, we only report on the number of different perspectives that were considered in the discussion (further analyses on map level are currently conducted).
Concerning the argumentative dimension, at the micro-level, a message was identified as a claim when it expresses a viewpoint and as an argument when it expresses a claim and (a) reason(s) supporting it. We also considered a message as an argument when it expressed a conclusion and (a) justification(s) or an assumption and (a) conclusion(s). An argument was identified as simple if it included one reason/justification only, and complex when it included more than one reason/ justification. We also checked the source of arguments raised to discern between reasons based on external textual sources and non-text arguments (Schwarz et al, 2003) . Arguments based on texts can be extracted from texts, and any source of knowledge given by the teachers before the discussion. At the meso-level, we checked chains of reasoning including a continuum of reasons/justifications and other argumentative moves (Asterhan & Schwarz, 2009 ) in which more than one discussant contributed. This continuum may include links of any kind (supporting, opposing or neutral) and should include at least two on-task contributions by different students. To identify chains of reasoning, we first expurgated from the map all the off-task and the not-content related messages. Figure 2 shows graphically how chains of reasoning were identified. This enabled us to identify the number of shared chains of reasoning. We distinguished between chains in which a collaborative argument was developed (when a claim was developed into an argument or into a complex argument), to those in which no argument was developed.
As for the social dimension of the peer discussions, we focused on student participation and interactivity. The degree of participation was measured by the average number of textual contributions and links per student, and the quality of these contributions (whether they were on-task or off-task). Interactivity, on the other hand refers to the extent to which student discussants interacted with each other and with the moderator. Measures of interactivity concern, for example, the mean number of links to contributions of fellow students and to the moderators' contributions, the mean number of contributions that received no response and the overall extent to which contributions were interconnected (connectivity). The social network (De Laat, Lally, Lipponen & Simons, 2007) that students constructed was measured by the density of interactions between discussants (Scott, 1991) , that is: the number of actual interactions (links) between any two discussants, divided by the maximum number of possible interactions (links) in the group. A high ratio would point at a high social density. 
Results
To test our hypotheses concerning the effect of moderation that focuses either on argumentative or on social aspects, we compared the discussion features of the maps in each of these two experimental conditions with the control condition (no human moderation) (see Table 1 ). All comparisons were conducted with one-tailed t-tests, with corrections for violations of the homoscedasticy axiom, when necessary. It should be noted that on six of the 18 different measures (namely, number of simple claims, number of reasons based on personal judgment, extent of consensual/critical referencing, number of chains without argument construction, number of unlinked shapes and connectivity) a lower numerical value indicates a higher measures of argumentative quality or interactivity, respectively. The data in Table 1 show that the overall results seem to confirm our expectations: The maps in the argumentative moderation script condition showed higher values on many of the argumentative dimension measures: Students who received moderation aimed at increasing argumentation, posted more individual reasoned arguments, based their reasons on textual resources more often, used more opposing links and more often collaboratively constructed chains of reasoned argument. However, due to our small sample size and relatively large variance on the measures, these differences proved to be statistically significant for the number of simple reasoned arguments only. In contrast, the maps in the social moderation script condition showed higher measures of participation and interactivity on all eight measures of participation and interactivity: They significantly created a larger number of individual shapes and links, interacted significantly more with fellow peers and the interaction density of the overall actibity was significantly higher.
We then turned to a comparison between the discussions of all-male and all-female groups (see Table 2 ). Since we did not have any specific expectation concerning the direction of these differences, all analyses in this table were conducted with two-tailed t-tests. Table 2 show that on average, girls participated more than boys: they posted a significantly larger number of contributions, both on-as well as off-task communications. They also interacted more with each other and with the moderator. As for the argumentative quality of their maps, overall girls scored higher on all the argumentative measures (larger number of claims, simple and complex arguments, included more textual as well as personal reasons in their arguments, constructed more chains of both kinds, and considered a larger number of perspectives), but boys showed more opposition and criticism in their maps. A particularly interesting finding concerns the fact that girls communicated more than boys with the moderator. However, these differences proved to be only significant for the mean number of individually posted complex arguments per person.
Discussion
At a superficial level, the results of the present study may seem trivial. The argumentative moderation script led to higher measures of argumentative dimension of the discussion: more individual reasoned arguments, more opposing links and more chains of reasoning. Concerning the social moderation script, it led to more participation and interactivity. However, we should remind that synchronous discussions are new practices, and moderation of synchronous discussions has virtually not studied experimentally. Our study shows that moderation of synchronous discussions is a feasible practice for which scripts have an impact that reasonably fits the intentions of the givers of the instructions. The relatively small number of groups has probably avoided us to find stronger effects.
Concerning gender differences, it appears that the fuzzy hypothesis concerning the fact that girls whose cognitive functioning has been described as more connected to personal experience and to others has been largely confirmed. We suggest that the nature of the Digalo tool that affords the expression of explanations and the reference to others may have amplified differences between girls and boys. And indeed, girls participated more than boys and posted more complex arguments. We are aware that the small number of groups avoids being more decisive about the lessons of this study. However, it opens a new interesting venue to gender differences in computer-mediated discussion practices in learning tasks.
We focused in this study on the tangibility of a new practice, moderation of synchronous discussions. A natural step should be to check learning gains. We are uncertain whether to do so by comparing between individual knowledge in subjects before and after discussions or to trace characteristics of discussions in successive synchronous meetings. In any case, moderation of synchronous discussions is a kind of guidance which blends strong socialization between students, minimal intrusiveness of the moderator, and at the same time, care of the group. This special blend, we think, should turn the practice to central in schools. As mentioned at the beginning of the paper, the rigidity of collaborative scripts, the fact that they are not given timely to the right students is problematic according to the CSCL agenda. We believe that moderation of synchronous discussions which personalizes interventions and provides help and suggestions according to the on-going flow of the discussion provides an excellent option for the CSCL community.
